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DETAILED ACTION 
Claim Objections 

1. Claims 38-39 are objected to because of the following informalities: 

The phrase "at least on pump beam" in line 2 of both claims 38 and 39 should be 
changed to "at least one pump beam." Appropriate correction is required. 

Claim Rejections - 35 USC § 112 

2. The following is a quotation of the second paragraph of 35 U.S.C. 1 12: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

3. Claim 3 is rejected under 35 U.S.C. 112, second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 

Claim 3 recites the limitation "the plurality of semiconductor laser diodes" in line 
3 of the claim. There is insufficient antecedent basis for this limitation in the claim. 

4. Claims 10-11 are rejected under 35 U.S.C. 1 12, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter 
which applicant regards as the invention. 

Claims 10-11 each recite the limitation "the apertures" in line 1 of the claims. 
There is insufficient antecedent basis for this limitation in the claim. 

5. Claim 34 is rejected under 35 U.S.C. 1 12, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 

Claim 34 recites the limitation "said transmitting means" in lines 3-4 of the claim. 
Since the claim previously recites a "means for transmitting and receiving," it is unclear 




whether the phrase "said transmitting means" refers to the single means which both 
transmits and receives (as previously recited), or if the claim is meant to be directed to 
including a transmitting means and a separate receiving means. 

Claim Rejections - 35 USC §102 

6. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

7. Claims 24, 26, 29-30, and 42-44 are rejected under 35 U.S.C. 102(b) as being 
anticipated by Pepper et al. (US 5038359 A). 

Regarding claim 24, Pepper et al. disclose an optical interconnection system 
(Figure 1) comprising: 

a fiber optic device (column 5, lines 17-25) constructed to transmit an 
interrogating beam (with laser 20); and 

a micro-mirror 16 adapted to receive the interrogating beam and transmit the 
beam to a predetermined phase conjugator (medium 12). 

Regarding claim 26, Pepper et al. disclose that the interrogating beam interacts 
with at least one pump beams operating in the phase conjugator in a substantially parallel 
manner (Figure 9). 

Regarding claim 29, Pepper et al. disclose that the interrogating beam interacts 
with at least one pump beam operating in the phase conjugator at a transverse angle 
(Figure 10). 




Regarding claim 30, Pepper et al. disclose that the predetermined phase 
conjugator is one of a plurality of phase conjugators arranged in an array (Figures 9 and 
10). 

Regarding claim 42, Pepper et al. disclose a method of providing an optical 
interconnect comprising: 

transmitting an interrogating beam from a fiber optic device; 

receiving the interrogating beam at a micro-mirror 16 across free space; 

transmitting a second beam from micro-mirror to a predetermined phase 
conjugator 12. 

Regarding claim 43, Pepper et al. disclose (Figures 6-10) that the method may 
further include modulating data onto the second beam at said predetermined phase 
conjugator (with modulator 62); 

transmitting an encoded phase conjugated beam to the micro-mirror 16. 

Regarding claim 44, Pepper et al. disclose that the method may further include 
transmitting a third beam from the micro-mirror to the fiber optic device (Figures 6-10). 
8. Claims 34-35 are rejected under 35 U.S.C. 102(b) as being anticipated by 
Akkapeddi (US 4949056 A). 

Regarding claim 34, as well as it may be understood with regard to 35 U.S.C. 112 
discussed above, Akkapeddi discloses a system (Figure 1) comprising: 

a means 10 for transmitting and receiving an interrogating beam; 

a communication station operatively coupled to the transmitting means and 
having a means 28 for returning a phase conjugate beam to the transmitting and receiving 
means (column 2, lines 15-60). 



Regarding claim 35, Akkapeddi discloses a method (Figure 1) comprising: 

transmitting an interrogating beam from a transceiver 10; 

receiving the interrogating beam at a communication station; 

encoding data (with encoder 26) onto a phase conjugate beam and pumping the 
encoded phase conjugate reflectivity by nondegenerate four wave mixing (column 2, 
lines 32-34); and 

transmitting the encoded phase conjugate beam back to the transceiver (column 2, 
lines 15-60). 

9. Claim 34 is rejected under 35 U.S.C. 102(b) as being anticipated by Sharp et al. 
(US 5317442 A). 

Regarding claim 34, as well as it may be understood with regard to 35 U.S.C. 112 
discussed above, Sharp et al. disclose a system (Figures 2 and 5) comprising: 

a means 23 for transmitting and receiving an interrogating beam; 

a communication station 50 operatively coupled to the transmitting means and 
having a means 20 for returning a phase conjugate beam to the transmitting and receiving 
means (column 2, lines 26-42). 

Claim Rejections - 35 USC §103 

10. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

11. Claims 1-12, 14-17, and 41 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Akkapeddi in view of Pepper et al. 




Regarding claim 1, Akkapeddi disclose a system (Figure 1) comprising: 

a transceiver 10 constructed to transmit an interrogating beam; and 

a communication station capable of receiving the interrogating beam. 
Akkapeddi further disclose that the communication station includes a phase conjugator 
but does not specifically disclose that the communication station includes a plurality of 
phase conjugators arranged in an array. 

Pepper et al. (Figures 9-10; column 10, lines 47-68; column 1 1, lines 1-17) teach 
that a plurality of phase conjugators arranged in an array may be used in a system to 
produce a phase conjugate beam as in the system disclosed by Akkapeddi. It would have 
been obvious to a person of ordinary skill in the art to use a plurality of phase conjugators 
arranged in an array as taught by Pepper et al in the system disclosed by Akkapeddi in 
order to provide a broader area to produce phase conjugation. 

Regarding claim 2, Akkapeddi discloses that the communication station is capable 
of transmitting an encoded phase conjugate beam to the transceiver from the phase 
conjugator (using encoder 26), 

Regarding claim 3, as well as it may be understood with regard to 35 U.S.C. 112 
discussed above, Akkapeddi disclose that communication station is configured to respond 
to the interrogating beam by encoding data into the phase conjugate beam and pumping 
the encoded phase conjugate beam by intracavity nondegenrate four wave mixing 
(column 2, lines 32-34). 

Regarding claims 4-5, Akkapeddi does not specifically disclose that the encoding 
of the phase conjugate beam is accomplished at rates exceeding approximately 1 kHz or 
in the range of approximately IGhz to approximately 10 GHz.. However, Pepper et al. 



teach that a phase conjugate beam may be encoded at rates including 10 GHz (column 8, 
lines 32-50). It would have been obvious to a person of ordinary skill in the art to encode 
the phase conjugate beam as disclosed by Akkapeddi at rates suggested by Pepper et al. 
as an engineering design choice of an efficient frequency for encoding the beam. 

Regarding claim 6, Pepper et al. (Figure 9, elements 148-150) that the plurality of 
phase conjugators may be arranged in a substantially linear array. Regarding claim 7, 
Pepper et al. teach that the plurality of phase conjugators may be substantially spaced 
apart (Figure 9). Regarding claim 9, Pepper et al. teach that that plurality of phase 
conjugators may be any practical number (column 11, lines 14-17). Regarding claims 6, 
7, and 9, it would have been obvious to a person of ordinary skill in the art to use an array 
of phase conjugators in a configuration as suggested by Pepper et al. in the system 
disclosed by Akkapeddi as an engineering design choice of a way to arrange the phase 
conjugators. 

Regarding claim 8, neither Akkapeddi nor Pepper et al. specifically disclose or 
teach that the plurality of phase conjugators may comprise single gain stripe devices, 
although both disclose that phase conjugators may comprise lasers. Single stripe laser 
devices are well known in the art. It would have been obvious to a person of ordinary 
skill in the art to specifically use single stripe gain devices as the lasers in the phase 
conjugators describe by Akkapeddi in view of Pepper et al. as an engineering design 
choice. The claimed differences exist not as a result of an attempt by Applicants to solve 
an unknown problem but merely amount to the selection of expedients known as design 
choices to one of ordinary skill in the art. 



Regarding claim 10, as well as it may be understood with regard to 35 U.S.C. 1 12 
discussed above, Akkapeddi discloses that the aperture of the phase conjugator are 
sufficient to resolve a substantial portion of the spatial components of the input wavefront 
of the interrogating beam (Figure 2). 

Regarding claim 11, as well as it may be understood with regard to 35 U.S.C. 112 
discussed above, Akkapeddi does not specifically disclose that the aperture of the phase 
conjugator is sufficient to resolve greater than approximately 80% of the spatial 
components of the input wavefront of the interrogating beam, but discloses that it is able 
to generally resolve a substantial portion of the input wavefront of the interrogating beam 
(Figure 2). It would have been obvious to a person of ordinary skill in the art that the 
system disclosed by Akkapeddi to specifically ensure that the aperture is sufficient to 
resolve greater than 80% of the spatial components of the input wavefront of the 
interrogating beam simply in order to ensure that the input wavefront is sufficiently 
resolved. 

Regarding claim 12, Akkapeddi discloses that the communication station does not 
have a movable part point and tracking system (column 1, lines 28-63; column 2, lines 
15-44). 

Regarding claim 14, Akkapeddi discloses that the interrogating beam may interact 
with pump beam operating in the phase conjugator at a substantially transverse angle 
(Figure 2). 

Regarding claim 15, Pepper et al. teach that the interrogating beam may interact 
with pump beams operating in the plurality of phase conjugators in a substantially 
parallel manner (Figure 8). It would have been obvious to a person of ordinary skill in the 



art to arrange the interrogating beam and pump beams as suggested by Pepper et al. in the 
system disclosed by Akkapeddi as an engineering design choice of the most convenient 
angle. 

Regarding claim 16, Akkapeddi disclose that the transceiver may be mounted on a 
satellite (Figure 1). 

Regarding claim 17, Akkapeddi disclose that the communication station may be 
mounted on a ground station. 

Regarding claim 41, as similarly discussed with regard to claims 1 and 10 above, 
Akkapeddi disclose a method (Figures 1 and 2) comprising: 

transmitting an interrogating beam from a transceiver; 

receiving the interrogating beam at a phase conjugator and resolving a substantial 
portion of the spatial components of the input wavefront of the interrogating beam; 

modulating data onto a phase conjugate beam; and 

transmitting the phase conjugate beam to the transceiver. 

Again, Akkapeddi does not disclose an array of phase conjugators. However, 
Pepper et al. (Figures 9-10; column 10, lines 47-68; column 1 1, lines 1-17) teach that a 
plurality of phase conjugators arranged in an array may be used in a system to produce a 
phase conjugate beam as in the method disclosed by Akkapeddi. It would have been 
obvious to a person of ordinary skill in the art to use a plurality of phase conjugators 
arranged in an array as taught by Pepper et al. in the method disclosed by Akkapeddi in 
order to provide a broader area to produce phase conjugation. 
12. Claims 18-21 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Akkapeddi in view of Pepper (US 4767195 A). 



Regarding claim 18, Akkapeddi discloses a system (Figures 1 and 2) comprising: 

a transceiver 10 constructed to transmit an interrogating beam; 

a communication station capable of receiving the interrogating beam; and 

the communication station having a phase conjugator 12. 

Akkapeddi does not specifically disclose that the phase conjugator includes a top 
electrode, but does disclose that an aperture is located in the top of the phase conjugator 
(Figure 2). Pepper teaches a phase conjugator including a top electrode (Figure 11, 
element 14). It would have been obvious to a person of ordinary skill in the art to use a 
phase conjugator as taught by Pepper in the system disclosed by Akkapeddi simply as a 
design choice of a phase conjugator. 

Regarding claim 19, Akkapeddi discloses that the interrogating beam interacts 
with at least one pump beam operating in the phase conjugator at a substantially 
transverse angle (Figure 2). 

Regarding claim 20, neither Akkapeddi nor Pepper disclose that the phase 
conjugator may comprise a broad-area, distributed feedback laser device, although both 
disclose and teach that the phase conjugator may comprise a laser. Broad-area, distributed 
feedback laser devices are well known in the art. It would have been obvious to a person 
of ordinary skill in the art to specifically use a broad-area, distributed feedback laser 
devices as the laser in the phase conjugator disclosed by Akkapeddi as an engineering 
design choice. The claimed differences exist not as a result of an attempt by Applicants to 
solve an unknown problem but merely amount to the selection of expedients known as 
design choices to one of ordinary skill in the art. 



Regarding claim 21, Akkapeddi does not specifically disclose that the aperture is 
greater than 10 microns, but it would have been obvious to a person of ordinary skill in 
the art to specify that the aperture disclosed by Akkapeddi be greater than 10 microns as 
an engineering design choice of a way to allow light into the phase conjugator. 
13. Claims 13 and 40 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Akkapeddi in view of Pepper et al. and Pepper. 

Regarding claim 13, Akkapeddi in view of Pepper et al. describe a system as 
discussed with regard to claim 1 above. Neither Akkapeddi nor Pepper et al. disclose or 
teach that the plurality of phase conjugators each have a top electrode with an aperture. 
However, Akkapeddi does disclose that an aperture is located in the top of the phase 
conjugator (Figure 2). Pepper teaches a phase conjugator including a top electrode 
(Figure 11, element 14). It would have been obvious to a person of ordinary skill in the 
art to use a phase conjugator as taught by Pepper in the system described by Akkapeddi 
in view of Pepper et al. simply as a design choice of a phase conjugator. 

Regarding claim 40, Akkapeddi discloses a method (Figures 1 and 2) comprising: 

transmitting an interrogating beam from a transceiver; 

receiving the interrogating beam at a phase conjugator through apertures located 
in the top of the phase conjugator; 

modulating data onto a phase conjugate beam; and 

transmitting the phase conjugate beam to the transceiver. 

Akkapeddi does not disclose an array of phase conjugators. However, Pepper et 
al. (Figures 9-10; column 10, lines 47-68; column 11, lines 1-17) teach that a plurality of 
phase conjugators arranged in an array may be used in a system to produce a phase 



conjugate beam as in the system disclosed by Akkapeddi. It would have been obvious to 
a person of ordinary skill in the art to use a plurality of phase conjugators arranged in an 
array as taught by Pepper et al. in the method disclosed by Akkapeddi in order to provide 
a broader area to produce phase conjugation. 

Again, Akkapeddi also does not specifically disclose that the phase conjugator 
includes a top electrode, but does disclose that an aperture is located in the top of the 
phase conjugator (Figure 2). Pepper teaches a phase conjugator including a top electrode 
(Figure 1 1, element 14). It would have been obvious to a person of ordinary skill in the 
art to use a phase conjugator as taught by Pepper in the method disclosed by Akkapeddi 
simply as a design choice of a phase conjugator. 

14. Claim 22 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Akkapeddi et al. or Sharp et al. 

Regarding claim 22, Akkapeddi (Figures 1 and 2) and Sharp et al. (Figures 2 and 
5) disclose a system comprising: 

a transceiver constructed to transmit an interrogating beam; 

a communication station capable of receiving the interrogating beam; and 

the communication station having a phase conjugator which comprises a laser. 

Neither Akkapeddi nor Sharp et al. specifically disclose that the phase conjugator 
may comprise a VCSEL. However, VCSELs are well known in the art. It would have 
been obvious to a person of ordinary skill in the art to specifically use a VCSEL as the 
laser in the phase conjugator disclosed by either Akkapeddi or Sharp et al. as an 
engineering design choice. The claimed differences exist not as a result of an attempt by 



Applicants to solve an unknown problem but merely amount to the selection of 
expedients known as design choices to one of ordinary skill in the art. 

15. Claim 23 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Akkapeddi or Sharp et al. as applied to claim 22 above, and further in view of Pepper et 
al. 

Regarding claim 23 , Akkapeddi or Sharp et al. suggest a system as discussed with 
regard to claim 22 above. Neither disclose that the interrogating beam interacts with at 
least one pump beam operating in the phase conjugator in a substantially parallel manner. 
However, Pepper et al. teach that the interrogating beam may interact with pump beams 
operating in the phase conjugator in a substantially parallel manner (Figure 8). It would 
have been obvious to a person of ordinary skill in the art to arrange the interrogating 
beam and pump beam as suggested by Pepper et al. in the system disclosed by Akkapeddi 
or Sharp et al. as an engineering design choice of the most convenient angle. 

16. Claims 25, 28, and 31-32 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Pepper et al. 

Regarding claims 25 and 28, Pepper et al. disclose a system as discussed with 
regard to claim 24 above. Regarding claim 32, Pepper et al. disclose a system as 
discussed with regard to claim 30 above. 

Pepper et al. also disclose that the phase conjugator may comprise a laser but does 
not specifically disclose that the laser may be a VCSEL, a broad-area, distributed 
feedback laser device, or a single gain stripe device. However, VCSELs, broad-area, 
distributed feedback laser devices, and single stripe laser devices are well known in the 
art. It would have been obvious to a person of ordinary skill in the art to specifically use a 



VCSEL, a broad-area, distributed feedback laser device, or a single stripe laser device as 
the laser in the phase conjugator disclosed by Pepper et al. as an engineering design 
choice. The claimed differences exist not as a result of an attempt by Applicants to solve 
an unknown problem but merely amount to the selection of expedients known as design 
choices to one of ordinary skill in the art. 

Regarding claim 31, Pepper et al. disclose a system as discussed with regard to 
claim 24 above. They further disclose that the phase conjugators may be one of a 
plurality of phase conjugators arranged in an array of phase conjugators (Figures 9 and 
10). They do not specifically disclose that this array may be a first array of a plurality of 
arrays, but it would have been obvious to a person of ordinary skill in the art to include a 
plurality of arrays of phase conjugators in the system disclosed by Pepper et al. as an 
engineering design choice of a way to arrange the phase conjugators especially since 
Pepper et al. disclose that any number of phase conjugators may be included (column 11, 
lines 14-17) 

17. Claims 27 and 33 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Pepper et al. in view of Pepper. 

Regarding claims 27 and 33, Pepper et al. disclose a system as discussed 
respectively with regard to claims 24 and 30 above. They do not specifically teach that 
the phase conjugator may include a top electrode. 

Pepper et al. does disclose that an aperture may be located in the top of the phase 
conjugator (Figure 10, elements 174, 176, and 178). Pepper teaches a phase conjugator 
including a top electrode (Figure 11, element 14). It would have been obvious to a person 



of ordinary skill in the art to use a phase conjugator as taught by Pepper in the system 
described by Pepper et al. simply as a design choice of a phase conjugator. 
18. Claims 35-39 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Sharp et al. in view of Pepper et al. 

Regarding claim 35, Sharp et al. disclose a method (Figures 2 and 5) comprising: 

transmitting an interrogating beam from a transceiver 52; 

receiving the interrogating beam at a communication station 50; 

encoding data (with modulator 29) onto a phase conjugate beam; and 

transmitting the encoded phase conjugate beam back to the transceiver (column 2, 
lines 26-42). 

Sharp et al. do not specifically disclose pumping the encoded phase conjugate 
reflectivity by nondegenerate four wave mixing. However, Pepper et al. teach that four 
wave mixing is a known way of producing phase conjugate beams such as disclosed by 
Sharp et al. (column 1, lines 29-39). It would have been obvious to a person of ordinary 
skill in the art to specifically use four-wave as Pepper et al. teaches in the method 
disclosed by Sharp et al. as a known engineering deign choice of a way to produce the 
phase conjugate beam. 

Regarding claim 36, Sharp et al. disclose a method (Figures 2 and 5) comprising: 

transmitting an interrogating beam from a transceiver 52; 

receiving the interrogating beam at a phase conjugator; 

modulating data onto a phase conjugate beam (with modulator 29); and 

transmitting the phase conjugate beam to the transceiver. 



Sharp et al. does not specifically disclose an array of phase conjugators. However, 
Pepper et al. (Figures 9-10; column 10, lines 47-68; column 1 1, lines 1-17) teach that a 
plurality of phase conjugators arranged in an array may be used in a system to produce a 
phase conjugate beam as in the method disclosed by Sharp et al It would have been 
obvious to a person of ordinary skill in the art to use a plurality of phase conjugators 
arranged in an array as taught by Pepper et al. in the method disclosed by Sharp et al. in 
order to provide a broader area to produce phase conjugation. 

Regarding claim 37, Sharp et al. disclose that their method may further comprise 
collecting data through a sensor 24 located in proximity to the phase conjugator and 
transmitting the data to the phase conjugator (modulator 29). 

Regarding claim 38, Sharp does not specifically disclose that the interrogating 
beam interacts with at least one pump beam operating in each of the phase conjugators in 
a substantially parallel manner. However, Pepper et al. teach that the interrogating beam 
may interact with pump beams operating in the plurality of phase conjugators in a 
substantially parallel manner (Figure 8). It would have been obvious to a person of 
ordinary skill in the art to arrange the interrogating beam and pump beams as suggested 
by Pepper et al. in the method disclosed by Sharp et al. as an engineering design choice 
of the most convenient angle. 

Regarding claim 39, Sharp et al. discloses that the interrogating beam interacts 
with at least one pump beam operating in the phase conjugator in a substantially 
transverse manner (Figure 2), 



* 



Conclusion 



19. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Christina Y. Leung whose telephone number is 703-605- 
1 186. The examiner can normally be reached on Monday to Friday, 6:30 to 3:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Jason Chan can be reached on 703-305-4729. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9314. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the receptionist whose telephone number is 703-305- 



4700. 
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